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Introduction 


With  respect  to  the  physiological  characteristics  of 
Zanthomonas  oryzae(Uyeda  and  Ishlyama)  Dowson,  the  causative 
organism  of  the  bacterial  blight  of  the  rice  plant,  there  is 
a  detailed  study  by  Ishiyama(3).  There  are  similar  studies  by 
Kuwazuka(7) (8)  and  Pang(2),  but  with  respect  to  certain  tests 
concerning  the  physiological  characteristics  of  the  pathogen, 
such  as  the  milk  coagulation  test,  or  the  reduction  of  dyes, 
there  has  not  always  been  an  agreement  in  the  results.  With 
changes  in  the  variety  of  rice  and  the  method  of  cultivation 
In  recent  years,  the  disease  has  spread  to  the  Tohoku  region, 
and  depending  on  the  location  of  the  infeoted  area,  the  exist¬ 
ence  of  a  number  of  different  strains  of  the  disease  has  been 
discovered(5) (18) (20) .  Despite  these  studies,  little  is  still 
known  of  the  relation  between  the  physiological  characteristics 
of  the  bacteria  and  the  variation  In  pathogenicity  among  dif¬ 
ferent  strains,  or  the  differences  In  affinity  between  the  main 
strain  and  the  isolates.  The  present  experiment  was  performed 
in  order  to  clarify  some  of  these  problems. 

During  the  oourse  of  carrying  out  this  experiment,  we 
had  the  cooperation  of  Toshlhlko  Kusaba (Tot tori  Prefectural 
Agricultural  Experimental  Station),  Minoru  Wat anabe (Tokyo  Agri¬ 
cultural  and  Industrial  College) ,  and  Tetsu  Waklmoto  (National 
Institute  of  Agricultural  Sciences) ,  to  whom  the  authors  are 
Indebted. 

1.  Specimens  and  method  of  experiment 

Prom  among  some  118  Isolates  obtained  from  rice  plant 
leaves  Infected  with  baoterlal  rloe  blight  disease  reoelved  from 
all  over  the  country,  some  20  typical  isolates  (Table  1),  based 
on  differences  In  pathogenicity,  were  seleoted  for  testing  with 
respect  to  nitrate  and  methylene  blue  reduction,  decomposition 
of  carbohydrates,  and  protein  and  amino  add  reactions.  The 
selected  Isolates  were  transplanted  from  the  preserved  culture 
medium  to  the  following  medium  and  allowed  to  grow  for  two  days 
at  27°C. 


*  Institute  of  Agricultural  Solenoes,  Ministry  of  Agrloulture 
and  Porestry. 

**  Pukul  Prefeotural  Agricultural  Experimental  Station. 

-  1  - 


Potato  broth (Potato  30 0g,  dlatillod  water  1000ml) 
Ca(NO^)  2*^20  0.$g 


Na2HP04.12H20 
Peptone 
Cane  sugar 
Agar-agar 
PH 


2.0g 

5.0g 
15.0g 
20.  Og 
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The  experiments  for  studying  the  physiological  character¬ 
istics  of  the  isolates  were  as  follows  (9)  (16)  (22). 

Reduction  of  nitrate:  Isolates  were  cultivated  at  27°C 
in  a  peptone-water  medium  containing  0.l£  potassium  nitrate.  The 
degree  of  reduction  was  tested  three  times,  on  the  third,  fifth, 
and  the  seventh  day.  by  the  color  reaction  to  Grles*  reagent. 

Reduction  of  methylene- blue:  The  Isolates  were  cultivated 
in  boullTorTTaBouFTOEan  On  the  first  and  the  fourth  days,  a 
drop  of  saturated  methylene-blue  solution  was  added,  the  solution 
agitated,  and  upon  quieting  of  the  solution,  the  degree  of  reduc¬ 
tion  was  tested  by  means  of  bleaching  of  the  color. 

Generation  of  ammonia i  The  isolates  were  cultivated  in  a 
peptone-water  solution.  Three  times,  i.e.,  on  the  third,  the 
fifth,  and  the  seventh  days,  Nessler's  reagent  was  added  to  test 
for  ammonia  formation. 

Formation  of  Indole »  The  isolates  were  cultivated  in  a 
peptone-water  medium,  three  times,  i.e.,  on  the  second,  the 
fourth,  and  the  seventh  days,  Kovac's  reagent  was  added  to  test 
for  formation  of  Indole  by  a  red  color  reaction. 

Generation  of  hydrogen  sulfide t  After  transplanting  the 
Isolates  to  the  medium  previously  described,  the  culture  was 
maintained  at  2?°C  in  a  test  tube  with  a  piece  of  lead  paper 
hanging  into  the  test  tube  and  held  in  place  by  a  cotton  plug. 
Blackening  of  the  lead  paper  was  checked  four  times  between  the 
first  and  the  seventh  days. 

Liquefaction  of  gelatin*  The  medium  here  was  20%  gelatin 
added  to  bouillon  with  the  gelatin  medium  forming  the  upper 
layer.  After  Intermittent  sterilization  in  an  autoclave,  the 
Isolate  was  transplanted  to  this  medi’tv  and  maintained  at  12-18°C 
temperature.  At  seven  day  Intervals,  .lquefactlon  of  the  gelatin 
was  checked.  This  experiment  was  performed  on  three  different 
occasions,  i.e.,  from  10  Deoember  1959»  from  2  March  I960,  and 
from  9  November  I960. 

Coagulation  of  milk:  A  fixed  amount  (10ml)  of  fresh 
skimmed  milk  was  introduced  into  a  test  tube  and  after  three 
days  of  Intermittent  sterilization  in  a  Koch  sterilizer,  the 
isolates  were  transplanted  to  the  medium  and  maintained  at  27°C. 
During  the  14-day  oulture  period,  the  samples  were  oheoked  for 
degree  of  coagulation,  digestion,  coloration,  and  visooslty. 

Change  in  litmus  milk »  The  Isolates  were  transplanted  to 
a  medium  of  skimmed  milk  to whloh  some  litmus  had  been  added. 
Cultivating  at  a  temperature  of  27°C,  the  samples  were  oheoked 
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for  bleaching  of  or  for  any  change  In  the  color  of  the  litmus. 

Diastase  act Ion t  The  Isolates  were  transplanted  to  a 
medium  consisting  of  0.2 %  soluble  starch  in  bouillon.  Main¬ 
taining  the  culture  at  27°C,  saccharification  of  the  starch  was 
checked  on  the  second,  the  fifth,  and  the  tenth  days  by  titration 
of  potassium  iodide  tincture. 

Formation  of  acids  from  saccharides  and  the  higher 
filooholsj With  peptone-agar  as  the  basic  culture  medium,  and 
with  an  addition  of  0.2#  B.T.B.,  1#  saccharides  and  higher 
alcohols  forming  the  upper  stratum,  stab  and  streak  slant  cul¬ 
tures  were  made  and  maintained  at  27°C.  The  generation  of  gas 
and  add  formation  were  checked  six  times  during  the  period  of 
oulture,  i.e.,  on  the  first,  second,  fifth,  seventh,  tenth,  and 
the  fourteenth  days. 

Serological  reaction;  An  antiserum  prepared  with  a  stock 
oulture,  22-H-2,  of  X.oryzae  as  the  antigen,  this  latter  Isolate 
having  been  obtained  from  another  experiment,  was  inactivated  by 
a  thirty  minute  treatment  at  57°C,  and  diluted  twenty  times  with 
an  isotonic  solution.  Taking  0.5ml  of  this  into  a  test  tube, 
1.0ml  and  5*0ml  of  a  new  suspension  (about  10°)  of  the  isolates 
were  added,  the  mixtures  then  being  lightly  agitated  and  main¬ 
tained  at  28°C.  Coagulation  reaction  was  checked  after  one  hour 
and  also  after  17  hours. 


2.  Experimental  results 

Reduction  of  nitrates  was  not  observed  with  any  of  the 
Isolates.  Reduction  of  indicators,  namely  methylene-blue,  was 
not  observable  after  one  day,  but  such  action  was  clearly  indi¬ 
cated  after  the  fourth  day.  There  was  only  a  slight  difference 
between  the  Isolates,  the  action  being  weaker  with  the  Isolates 
of  weakrr  pathogenicity,  suoh  as  N  5707.  N  5802,  and  N  5882. 
Ammonia  production  ocourred  slowly,  not  observable  after  two 
days,  but  with  some  production  occurring  after  four  days,  and  a 
more  clear  indication  of  production  with  all  of  the  isolates  after 
seven  days  of  oulture.  According  to  the  color  reaction  to 
Nessler's  reagent,  there  was  some  variation  among  the  Isolates 
with  respect  to  the  degree  of  ammonia  production.  There  was  no 
Indole  production  with  any  of  the  Isolates.  With  respect  to 
hydrogen  sulfide,  there  was  considerable  production  starting 
from  around  the  second  day,  and  after  four  days,  the  majority  of 
the  lead  paper  strips  were  blaokened.  With  respect  to  this  test, 
there  was  considerable  variation  among  the  isolates,  gas  produc¬ 
tion  being  pronounced  with  Kofunya,  N  5808,  N  5603,  N  5617.  and 
N  5609.  but  quite  weak  in  the  oase  of  N  58^0 .  From  these  results, 
no  relationship  could  be  established  between  the  pathogenicity, 
the  date  of  oolleotion,  the  date  of  separation,  and  the  classifi¬ 
cation  of  the  Isolates  of  the  X.oryzae  virus  aooordlng  to  their 
susoept lbll lty . 


The  liquefaction  of  gelatin  oocurred  very  slowly.  For 
instance,  with  the  culture  at  room  temperature  (12-18°C) ,  It 
Just  started  after  seven  days,  and  after  3  to  4  weeks,  lique¬ 
faction  was  generally  well  progressed  with  a  dish-shaped  to 
bag-shaped  contour.  The  liquefaction  In  the  case  of  the  strongly 
pathogenic  isolates,  i.e.,  N  5808,  N  5824,  N  5828,  and  N  5840, 
was  stratiform  (Table  2).  The  liquefaction  of  gelatin  was 
studied  for  some  forty  Isolates  of  both  strong  and  weak  patho- 
geniolties,  the  results  being  shown  in  Table  3* 

Table  2.  Physiological  characteristics  of  X.oryzae.^a^ 
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Legend:  (a)  ^Footnotfi7  The  degree  of  the  reaction  Is  lndloated 
by  the  number  of  +  signs,  a  negative  result  being  indicated  by  -. 
(b)  Isolates  which  caused  stratiform  liquefaction  of  gelatin. 

(I)  Name  of  Isolate.  (2)  Nitrate  reduction. 

(3)  Indicator  reduction.  (4)  Ammonia  production. 

(5)  Indole  production.  (6)  Production  of  hydrogen  sulfide. 

(7)  Liquefaction  of  gelatin.  (8)  Coagulation  of  milk. 

(9)  Digestion  of  milk.  (10)  Litmus  milk  reaotion. 

(II)  Diastase  aotlon.  (12)  Gas  production. 

(13)  Isolates  with  strong  pathogenicity. 

(14)  Isolates  with  weak  pathogenicity. 

(15)  Kofunya.  (16)  Tokal. 
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Legend:  (a)  /Footnote/  The  first  series  of  experiments  is 
based  on  the  data  in  Table  2.  The  second  series  of  experiments 
Involves  a  medium  with  10#  gelatin,  room  temperature  6-28°C, 
average  temperature  13.9°C,  culture  started  9  November  i960 
and  checked  29  January  1961. 

(b)  /Footnotfi7  Isolates  which  oaused  stratiform  liquefaction 
of  gelatin. 

(1)  Name  of  Isolate.  (2)  Degree  of  liquefaction. 

(3)  First  series  of  experiments.  (4)  Second  series  of  experiments 

(5)  Isolates  with  strong  pathogenicity. 

(6)  Isolates  with  weak  pathogenioity. 

(7)  Note  that  Isolates  other  than  those  listed  in  Table  1  were 
also  used,  but  data  on  them  have  been  omitted. 


It  can  be  seen  from  the  table  that  considerable  llquefaotion 
occurred  with  the  isolates  with  strong  pathogenioity,  but  at 
the  same  time,  there  were  a  few  which  displayed  weak  liquefac¬ 
tion. 


There  was  no  coagulation  or  digestion  of  milk,  but  there 
was  a  blue  color  reaction  in  the  litmus  milk  test  with  all  of 
the  isolates. 

Results  were  negative  with  respect  to  diastase  action  and 
the  production  of  gas. 

The  action  of  the  bacteria  with  respect  to  decomposition 
of  saccharides  and  higher  alcohols  and  the  formation  of  acids 
is  as  shown  in  Table  4.  As  can  be  seen  from  this  table,  xylose, 
arablnose,  glucose,  levulose,  galactose,  mannose,  and  sucrose 
(monosaccharides  and  disaccharides)  are  decomposed  to  form  acids. 
Among  other  saccharides,  rhamnose,  maltose,  and  lactose  are  not 
decomposed,  while  arablnose  was  decomposed  by  seven  Isolates, 
viz.,  N  5840,  N  5877.  N  5603.  N  5609,  N  5617.  N  5818,  and  Tokal. 
With  respect  to  saccharides  of  higher  order  than  the  trlsaccha- 
rides  and  the  higher  alcohols,  l.e.,  rafflnose,  dextrin,  starch, 
lnulln,  glycerol,  mannitol,  sorbitol,  and  sallcin,  none  of  these 
were  decomposed. 

With  respect  to  an  antiserum  with  an  antigen  consisting 
of  a  streptomycin-resistant  Isolate  of  X.oryzae  22-R-2,  all  of 
the  isolates  had  a  positive  agglutination  reaction,  there  being 
however  some  variation  among  the  Isolates  with  respeot  to  the 
speed  and  the  intensity  of  the  reaction. 
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Table  4.  Saccharide  decomposition  by  X.oryzae. 
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Legend:  (a)  /Footnot fjj  ++  means  clear  reaction,  +  weak 
reaction,  -  no  reaction. 

(1)  Name  of  Isolate.  (2)  Isolates  with  strong  pathogenicity. 
(3)  Isolates  with  weak  pathogenioity. 


Figure  1.  Criteria  for 
liquefaction  of  gelatin. 
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Legend:  (a)  /Footnote7  Degree  of  reaction  Indicated  by  +  ,  - 
signs,  (b)  /Footnote  A  has  1ml  of  antigen,  B  has  5ml  of 
antigen  injected. 

(1)  Name  o  Isolate.  (2)  1  hour  after  treatment. 

(3)  17  hours  after  treatment.  (4)  Isolates  with  strong 
pathogenicity.  (5)  Isolates  with  weak  pathogenicity. 

(6)  Isolates  other  than  listed  in  Table  1  were  used,  but  their 
descriptions  have  been  omitted. 

According  to  Table  5,  the  agglutination  reaction  was  slow  in  the 
cases  of  N  5823.  N  5824,  N  5902,  N  5868,  Kofunya,  N  5604,  N  5829, 
and  Tokal,  particularly  so  in  the  case  of  N  5824.  Despite  this 
result,  no  relation  could  be  ascertained  between  the  patho¬ 
genicity  and  the  previously  described  physiological  character¬ 
istics. 


3.  Discussion 


Research  in  the  field  of  the  systems  and  classification 
of  plant  pathogens  has  become  gradually  active  in  reoent  years. 
Okabe  and  Goto  (12)  (13)  (14)  have  shown  that  in  the  oase  of 
the  bacterial  wilt  (Pseud. solanacearum)  affecting  the  eggplant 
family,  there  are  variations  in  the  reaotlon  to  lactose,  and 
also  dextrose  and  mannitol.  They  have  also  attempted  a  classi¬ 
fication  based  on  vlrlal  affinity,  saooharide  deoomposibllity. 
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and  ohromogenesls,  and  they  present  a  discussion  on  the  para¬ 
sitic  nature  of  the  disease. 

With  respect  to  the  rice  blight  caused  by  X.oryzae, 
Yoshimura  et  al  (21)  classified  76  Isolates,  obtained  from  the 
Hokurlku  district,  into  five  bacterial  types,  A,  B,  C,  D,  and  E 
by  means  of  the  bacteriophages  of  the  pathogen.  He  found  that 
in  the  Hokurlku  district,  the  A-type  virus  was  most  widely  dis¬ 
tributed,  followed  by  type  B,  with  types  C  and  E  being  relative¬ 
ly  rare.  He  did  not  find  any  definite  relation  with  respect  to 
the  pathogenicity  of  the  bacteria,  but  it  was  noted  that  the 
type  C  bacteria  were  of  somewhat  weaker  pathogenicity.  Waklmoto 
(18)  has  also  experimented  with  a  variety  of  Isolates,  and  he 
has  not  found  any  relation  involving  pathogenicity.  Isaka  (5), 
investigating  some  30  Isolates  from  Fukui  Prefecture,  obtained 
similar  results. 

In  Table  2  are  shown  the  results  of  experimentation  with 
20  Isolates  selected  from  some  118  strains  collected  from  vari¬ 
ous  parts  of  the  country  and  maintained  by  the  National  Institute 
of  Agricultural  Sciences,  the  experimentation  being  primarily 
concerned  with  clarification  of  the  physiological  characteristics 
of  the  Isolates,  the  discovery  of  some  relation  between  such 
characteristics  and  pathogenicity,  and  examination  of  the  basis 
of  classification  of  the  pathogens.  The  present  results  dis¬ 
agree,  as  can  be  seen  from  the  table,  with  the  physiological 
characteristics  determined  by  Ishiyama  (3)  and  Kuwazuka  (8)  in 
many  respects.  For  instance,  Ishiyama  (3)  had  no  reduction  of 
methylene-blue,  no  liquefaction  of  gelatin,  no  ammonia  production, 
little  production  of  hydrogen  sulfide,  but  digestion  of  milk. 

Our  results  indicated  reduction  of  methylene-blue,  very  slow  but 
sure  liquefaction  of  gelatin,  abundant  production  of  hydrogen 
sulfide,  but  no  digestion  of  milk.  On  the  other  hand,  we  find 
that  Po:nlesimo  (15)  proposes  a  change  in  the  classification  of 
X.oryzae,  based  on  various  physiological  and  culture  character¬ 
istics,  to  X.translucens  var.oryzlcola.  It  is  clear  that  the 
bacteria  used  by  Pordeslmo  differs  from  the  rice  blight  being 
considered  here,  his  organism  probably  being  X.oryzioola  re¬ 
ported  by  Fang  and  his  coworkers  (2). 

With  respect  to  the  decomposition  of  saccharides,  Ishiyama 
(3)  has  experimented  with  a  few  saccharides,  while  more  recently, 
Mukal  et  al  (10)  have  conducted  a  detailed  investigation  with 
thirty  isolates.  Mukal  found  that  xylose,  arabinose,  glucose, 
levulose,  galactose,  mannose,  and  sucrose  were  decomposed  but 
that  raffinose,  dextrin,  starch,  lnulin,  glycerol,  mannitol, 
sorbitol,  and  sallcln  could  not  be  utilized.  There  was  also  no 
relation  involving  the  pathogenicity.  These  results  were  in 
agreement  with  the  data  in  our  Table  4.  It  is  seen  that  arabinose 
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is  not  decomposed  by  some  isolates,  while  other  Isolates  could 
only  weakly  utilize  levulose  and  mannose,  but  such  slight  varia¬ 
tions  in  characteristics  are  unacceptable  for  the  purpose  of 
classification  of  the  Isolates.  With  respect  to  other  physio¬ 
logical  characteristics,  there  were  variations  among  the  Isolates 
with  respect  to  the  production  of  hydrogen  sulfide,  the  lique¬ 
faction  of  gelatin,  the  production  of  ammonia,  and  the  reduction 
of  Indicators.  The  variation  in  the  first  two  characteristics 
was  generally  quite  evident  (Table  2).  It  is  seen  that  there  is 
a  fairly  close  connection  between  the  degree  of  liquefaction  of 
gelatin  and  the  pathogenicity,  that  Is  to  say,  Isolates  with 
stronger  pathogenicity  tended  to  liquify  gelatin  easier,  but 
then  on  the  other  hand,  there  are  also  exceptions  to  this  rule, 
such  that  further  investigation  on  the  basic  nature  of  this 
relation  is  desirable. 

With  respect  to  serological  differences  among  the  iso¬ 
lates,  there  seemed  to  be  some  variation  in  the  speed  and  in¬ 
tensity  of  the  agglutination  reaction,  this  reaction  always 
being  positive.  These  results  agree  with  those  obtained  by 
Kuwazuka  (7)  and  Pang  et  al  (2).  No  relation  could  be  observed 
between  pathogenicity  and  the  extent  of  the  reaction,  or  between 
pathogenicity  and  the  reaction. 

4.  Summary 

(1)  Twenty  typical  Isolates  of  different  pathogenicities 
were  selected  from  some  118  isolates  taken  from  leaves  infected 
with  rice  blight  disease  in  various  seotors  of  the  country,  and 
experiments  were  conducted  on  the  physiological  characteristics 
of  X.oryzae,  the  causative  organism. 

(2)  None  of  the  Isolates  tested  reduced  nitrates,  but 
they  reduced  methylene-blue.  These  isolates  generated  ammonia, 
did  not  produce  indole,  produced  hydrogen  sulfide,  and  slowly 
liquefied  gelatin,  but  did  not  coagulate  or  digest  milk.  The 
litmus  milk  had  a  blue  color  reaction.  These  results  differed 
with  those  obtained  by  Ishlyama  (3)  with  respect  to  methylene- 
blue  reduction,  the  degree  of  hydrogen  sulfide  production,  ammonia 
production,  liquefaction  of  gelatin,  and  the  digestion  of  milk. 

(3)  There  was  a  fairly  close  relation  between  the  lique¬ 
faction  of  gelatin  and  the  pathogenicity. 

(4)  With  respect  to  decomposition  of  saccharides  and 
higher  alcohols,  there  was  decomposition  of  xylose,  arablnose, 
glucose,  levulose,  galactose,  mannose,  and  sucrose  with  resultant 
aold  formation,  but  there  was  no  utilization  of  rhamnose,  maltose, 
laotose,  raffinose,  dextrin,  starch,  lnulln,  glyoerol,  mannitol. 
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sorbitol,  or  salicln.  Some  of  the  isolates  did  not  decompose 
arabinose. 

(5)  There  was  some  variation  in  the  speed  and  intensity 
of  the  aglutination  reaction  with  the  isolate.  The  reaction 
with  the  anti-X.oryzae  (22-R-2)-serum  was  positive.  (Received 
18  April  1963). 
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Re  stun e 

/ 

1.  Physiological  characteristics  of  Zanthomonas  oryzae, 
the  causal  organism  of  the  bacterial  blight  of  rice  plant,  have 
been  studied  by  several  authors,  but  there  are  some  discrepancies 
in  their  results  with  regard  to  certain  characteristics  such  as 
reaction  in  milk  and  reduction  of  methylene-blue.  The  present 
research  was  carried  out  to  make  these  points  clear  and  to  eluci¬ 
date  the  relationship  between  the  physiological  properties  and 
pathogenicities  of  the  bacterium.  For  this  purpose,  20  Isolates 
of  different  pathogenicities  were  selected  from  118  isolates 
which  had  been  collected  from  various  districts  of  Japan. 

2.  All  the  Isolates  used  in  this  experiment  reduced 
methylene- blue,  but  not  nitrate;  produced  ammonia  and  hydrogen 
sulfide,  but  not  indole;  gas  production  and  diastase  activity 
were  negative;  liquefied  gelatin  gradually;  did  not  coagulate  or 
digest  milk;  and  discolored  Litmus  milk  into  blue^  Thus  the  re¬ 
sult  differs  from  Ishlyama's  original  description  as  to  the 
reduction  of  methylene-blue,  the  liquefaction  of  gelatin,  and 
the  production  of  hydrogen  sulfide. 

3.  Isolates  more  active  in  liquefying  gelatin  were,  with 
some  exception,  more  pathogenic  than  those  with  less  liquefying 
power,  suggesting  that  there  might  be  an  intimate  relationship 
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between  the  liquefying  power  and  the  pathogenicity.  There  were 
some  lmmunogenetlcal  differences  among  the  Isolates  In  terms  of 
the  rate  and  strength  of  agglutination  reaction,  although  the 
reaction  was  positive  In  all  the  Isolates.  The  differences  In 
the  reaction,  however,  were  correlated  with  the  differences  In 
the  pathogenicity  of  the  Isolates. 

4.  The  bacteria  in  culture  were  capable  of  decomposing 
xylose,  arabinose,  glucose,  levulose,  galactose,  mannose,  and 
sucrose,  producing  acids;  and  Incapable  of  utilizing  rhamnose, 
dextrin,  starch,  lnulln,  glycerol,  mannitol,  sorbitol,  and 
salloln.  Some  of  the  isolates  could  not  utilize  arabinose. 

(National  Institute  of  Agricultural 
Sciences,  Nishigahara,  Tokyo; 

Fukul  Agricultural  Experirent 
Station,  Fukul,  Japan) 


